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The  1993  Physical  Metallurgy  Gordon  Research  Conference  on  "Materials  by  Design" 
was  held  from  2  to  6  August,  1993  at  Plymouth  State  College  South,  Plymouth  NH,  with  J.  B. 
Cohen  and  G.  B.  Olson  of  Northwestern  University  as  chairmen.  Eleven  of  the  twenty-six 
speakers  were  from  foreign  countries,  and  the  nearly  100  total  participants  showed  a  similar 
distribution.  Overall,  there  was  a  healthy  mixture  of  scientists  and  engineers  from  universities, 
national  laboratories,  and  private  industry,  including  young  researchers  and  graduate  students  as 
well  as  established  scientists. 

The  innovative  program  explored  a  new  relationship  between  science  and  engineering 
tuned  to  the  new  responsibilities  of  the  science  enterprise  in  the  post-Cold  War  era.  The  first 
session  examined  methodology  for  generating  and  integrating  scientific  knowledge  within  a 
systems  engineering  framework  for  the  quantitative  conceptual  design  of  new  materials  to  meet 
performance  needs.  This  included  application  of  property/performance  relations  in  specifjdng 
complete  sets  of  property  objectives,  as  well  as  synthesis  of  process/stmcture/property  relations 
in  design  of  complex  materials  with  dynamic  multilevel  structures.  The  first  evening  session 
includ^  educational  issues  in  effective  bridging  of  science  and  engineering,  and  the  fostering  of 
design  creativity. 

Subsequent  sessions  explored  a  broad  range  of  new  design  modeling  tools  made  possible 
by  ongoing  developments  in  basic  materials  science  and  related  fields.  Tools  for 
thermodynamics  and  phase  stability  included  new  software  and  international  database  systems 
for  multicomponent  solution  thermodynamics,  as  well  as  quantum-mechanical  total-energy 
calculations  for  both  thermochemical  and  physical  property  data.  Dynamic  tools  for  simulation 
of  microstructural  evolution  in  processing  and  service  included  a  new  diffusion  code  employing 
a  multicomponent  mobility  database,  numerical  simulations  of  precipitation  and  coarsening  in 
coherent  systems  and  alloy  solidification,  atomistic  modeling  of  solution  hardening,  and 
continuum  modeling  of  transformation  toughening  with  kinetics-based  constitutive  laws.  An 
Interface  Design  session  explored  the  mechanics,  nanochemistry  and  adhesion  physiochemistry 
for  control  of  interfacial  phenomena  pervasive  throughout  materials  technology. 

A  final  session  examined  concrete  examples  of  the  quantitative  application  of 
thermodynamic  and  kinetic  models  in  the  actual  design  of  materials  for  a  range  of  applications, 
including  cases  as  complex  as  materials  for  multipass  welding. 

Discussions  at  the  conference  were  stimulating,  despite  a  somewhat  densely  packed 
program.  Complaints  from  some  scientists  concerning  the  degree  of  engineering  and  commercial 
content  were  not  unexpected,  reflecting  an  uneasiness  with  the  inevitable  changes  in  the  s^cture 
of  American  science  that  this  conference  boldly  explored.  Conference  interactions  have  since  led 
to  interdisciplinary  group  research  proposals,  and  new  concepts  unveiled  at  the  conference  such 
as  biomimetic  self-healing  intermetallic  composites  and  the  materials  science  of  ice  cream  have 
received  world  attention.  The  experiment  was  a  success. 
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